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(54) Lunninescence device, display apparatus and metal coordination compound 

(57) A iuminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The layer contains a metal coordination compound represented by the following formula (1): 



CM 
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CM 

CO 



M 



CyN 
I 

CCyC 



(1). 



n 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC denotes 
a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of containing a 
nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a triali<ylsiiyl 
group containing three linear or branched aikyi groups each Independently having 1 • 8 carbon atoms; and a linear or 
branched alkyi group having 1 - 20 carbon atoms capable of Including one or at least two non-neighboring methylene 
groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -C^C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the prxsviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 
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Description 

FIELD OF THE INVENTION AND REUTED ART 

5 [0001] The present invention relates to a luminescence device, a display apparatus and a metal coordination com- 
pound therefor. More specifically, the present invention relates to a luminescence device employing an organic metal 
coordination compound having a fomiula (1) appearing hereinafter as a luminescence material so as to allow stable 
luminescence efficiency, a display apparatus including the luminescence device and the metal coordination compound 
adapted for use in the luminescence device. 

10 [0002] An organic electroluminescence (EL) device has been extensively studied as a luminescence device with a 
high responsiveness and high efficiency. 

[0003] The organic EL device generally has a sectional structure as shown in Figure 1 A or 1 B (e.g., as described in 
"Macromol. Symp.", 125, pp. 1 - 48 (1997)). 

[0004] Referring to the figures, the EL device generally has a structure including a transparent substrate 1 5, a trans- 
is parent electrode 1 4 disposed on the transparent substrate 1 5, a metal electrode 1 1 disposed opposite to the transparent 
electrode 14, and a plurality of organic (compound) layers disposed between the transparent electrode 14 and the 
metal electrode 11. 

[0005] Referring to Figure 1 , the EL device In this embodiment has two organic layers Including a luminescence layer 
12 and a hole transport layer 13. 
20 [0006] The transparent electrode 1 4 may be f omned of a film of ITO (Indium tin oxide) having a larger work function 
• to ensure a good hole injection perfomnance into the hole transport layer On the other hand, the metal electrode 11 
may be fomned of a layer of aluminum, magnesium, alloys thereof, etc., having a smaller work function to ensure a 
good electron injection perfonmance Into the organic layer(s). 

[0007] These (transparent and metai) electrodes 14 and 11 may be fomned In a thk^kness of 50 - 200 nm. 

25 [0008] The luminescence layer 12 may be fonrned of, e.g., aluminum quinolinol complex (representative example 
thereof may include Alq3 described hereinafter) having an electron transporting characteristic and a luminescent char- 
acteristic. The hole transport layer 13 may be fonrted of, e.g., triphenyldiamine derivative (representative example 
thereof may include a-NPD described hereinafter) having an electron donating characteristk:. 
[0009] The above-described EL devtee exhibits a rectification characteristic, so that when an electric field is applied 

30 between the metal electrode 11 as a cathode and the transparent electrode 14 as an anode, electrons are injected 
from the metal electrode 11 into the luminescence layer 12 and holes are injected from the transparent electrodes 14. 
[0010] The thus-injected holes and electrons are recombined within the luminescence layer 1 2 to produce excitons, 
thus causing luminescence. At that time, the hole transport layer 1 3 functions as an electron-blocking layer to increase 
a recombination efficiency at the boundary between the luminescence layer 12 and the hole transport layer 13, thus 

3s enhancing a luminescence efficiency. 

[001 1 ] Referring to Figure 1 B, in addition to the layers shown in Figure 1 A, an electron transport layer 1 6 is disposed 
between the metal electrode 1 1 and the luminescence layer 1 2, whereby an effective carrier blocking perfomnance can 
be ensured by separating functions of luminescence, electron transport and hole transport, thus allowing effective 
luminescence. 

40 [001 2] The electron transport layer 1 6 may be formed of, e.g. , oxadiazole derivatives. 

[0013] In ordinary organic EL devices, fluorescence caused during a transition of luminescent center molecule from 
a singlet excited state to a ground state Is used as luminescence. 

[0014] On the other hand, not the above fluorescence (luminescence) via singlet exciton, phosphorescence (lumi- 
nescence) via triplet exciton has been studied for use in organic EL device as described in, e.g., "Improved energy 
45 transfer in electrophosphorescent device" (D.R O'Brien et al., Applied Physics Letters, Vol. 74, No. 3, pp. 442 - 444 
(1999)) and "Very high-efficiency green organic light-emitting devk;es based on electrophosphorescence" (M.A. Baldo 
et al., Applied Physics Letters, Vol. 75, No. 1, pp. 4 - 6 (1999)). 

[0015] The EL devices shown in these documents may generally have a sectional structure shown in Figure 1 0. 
[0016] Referring to Figure 10, four organic layers including a hole transfer layer 13, a luminescence layer 12, an 
50 exciton diffusion-prevention layer 1 7, and an electron transport layer 16 are successively formed in this order on the 
transparent electrode (anode) 1 4. 

[0017] in the above documents, higher efficiencies have been achieved by using four organic layers including a hole 
transport layer 1 3 of a-NPD (shown below), an electron transport layer 1 6 of Alq3 (shown below), an exciton diffusion- 
prevention layer 17 of BPC (shown below), and a luminescence layer 12 of a mixture of CPB (shown below) as a host 
55 material with lr(ppy)3 (shown below) or PtOEP (shown below) as a guest phosphorescence material doped into OBP 
at a concentration of ca. 6 wt. %. 
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Alq3: tris(8-hydroxyqulnoline) aluminum (alumlnum-quinollnol complex), 

a-NPD: N4,N4'-di-naphthalene*1 -yl-N4,N4'-diphenyl-biphenyl-4,4'*cliamine (4,4'*bis[N-(1 -naphthyl)-N-phenyl 
amlno]biphenyl), 

CBP: 4,4'-N,N'-dlcarbazole-blphenyl, 

BCP: 2,9-dimethyl-4,7-diphenyl-1 ,1 0-phenanthroline, 

lr(ppy)3: fac tris(2-phenylpyrldlne)iridium (Iridium-phenylpyrldlne complex), and 

PtEOP: 2,3,7,6,12, 13.1 7, 18-octaethyl-21H,23H-porphlne platinum (platlnum-octaethyl porphlne complex). 
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[0018] The phosphorescence (luminescence) material used In the luminescence layer 12 has attracted notice. This 
is because the phosphorescence material is expected to provide a higher luminescence efficiency In principle. 
[0019] More specifically, In the case of the phosphorescence material, excitons produced by recombination of caniers 
comprise singlet excitons and triplet excitons presented in a ratio of 1 :3. For this reason, when fluorescence caused 
during the transition from the singlet excited state to the ground state Is utilized, a resultant luminescence efficiency Is 
25 % (as upper limit) based on all the produced excitons in principle. 

[0020] On the other hand, In the case of utilizing phosphorescence caused during transition from the triplet excited 
state, a resultant luminescence efficiency Is expected to be at least three times that of the case of fluorescence in 
principle. In addition thereto. If Intersystem crossing from the singlet excited state (higher energy level) to the triplet 
excited state Is taken into consideration, the luminescence efficiency of phosphorescence can be expected to be 100 
% (four times that of fluorescence) in principle. 

[0021 ] The use of phosphorescence based on transition from the triplet excited state has also been proposed in , e. 
g., Japanese Lald-Open Patent Application (JP-A) 11-329739. JP-A 11-256148 and JP-A 8^19482. 
[0022] However, the above-mentioned organic EL devices utilizing phosphorescence have accompanied with a prob- 
lem of luminescent deterioration-particulariy in an energized state. 

[0023] The reason for luminescent deterioration has not been clarified as yet but may be attributable to such a phe- 
nomenon that the life of triplet exciton is generally longer than that of singlet exciton by at least three digits, so that 
molecule Is placed In a higher-energy state for a long period to cause reaction with ambient substance, fomiatlon of 
exciplex or excimer, change in minute molecular structure, structural change of ambient substance, etc. 
[0024] Accordingly, the (electro)phosphorescence EL device is expected to provide a higher luminescence efficiency 
as described above, while the EL device is required to suppress or minimize the luminescent deterioration in energized 
state. 

SUMMARY OF THE INVENTION 

[0025] An object of the present invention is to provide a luminescence device capable of providing a high-efficiency 
luminescent state at a high brightness (or luminance) for a long period while minimizing the deterioration in lumines- 
cence in energized state. 

[0026] Another object of the present Invention Is to provide a display apparatus including the luminescence device. 
[0027] A further object of the present Invention Is to provide a metal coordination compound as a material suitable 
for an organic layer for the luminescence device. 

[0028] According to the present invention, there is provided a luminescence device, comprising: an organic com- 
pound layer comprising a metal coordination compound represented by the following formula (1): 



wherein M denotes Ir, Rh or Pd; n Is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC denotes 
a substituted or unsubstituted cyclic group containing a carison atom connected to M and capable of containing a 
nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substltuents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a trialkylsllyl 
group containing three linear or branched alkyl groups each Independently having 1 - 8 carison atoms; and a linear or 
branched alkyl group having 1 - 20 carbon atoms capable of Including one or at least two non-neighboring methylene 
groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -C^C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 

[0029] According to the present Invention, there is also provided a metal coordination compound, adapted for use 
In a luminescence device, represented by the following fomnula (1): 
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(1). 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstltuted cycito group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and^or a sulfur atom; and CyC denotes 

10 a substituted or unsubstltuted cyclic group containing a carbon atom connected to M and capable of containing a 
. nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a trialkylsiiyi 
group containing three linear or branched alkyi groups each Independently having 1 - 8 carbon atoms; and a linear or 
branched alkyi group having 1 - 20 carbon atoms capable of including one or at least two non-neighboring methylene 

15 groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -C^C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 

[0030] The present invention provides a display apparatus Including the above-mentioned luminescence devtoe and 
drive means for driving the luminescence devk:e. 
20 [0031] These and other objects, features and advantages of the present Invention will become more apparent upon 
a consideration of the following description of the prefen-ed embodiments of the present invention taken in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

25 

[0032] Figures 1 A,. 1 B and 1C are respectively a schemata sectional view of a layer staicture of a luminescence 
device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

[0033] In the case where a luminescence layer for an organic EL device Is formed of a canler transporting host 

material and a phosphorescent guest material, a process of emission of light (phosphorescence) may generally invoh^e 
the following steps: 

35 (1 ) transport of electron and hole within a luminescence layer, 

(2) fonmatlon of exciton of the host material, 

(3) transmission of excited energy between host material molecules, 

(4) transmission of excited energy from the host material molecule to the guest material molecule, 

(5) fonnation of triplet exciton of the guest material, and 

40 (6) emission of light (phosphorescence) caused during transition from the triplet excited state to the ground state 
of the guest material. 

[0034] In the above steps, desired energy transmission and luminescence may generally be caused based on various 

quenching and competition. 

45 [0035] In order to improve a luminescence efficiency of the EL device, a luminescence center material per se is 
required to provide a higher yield of luminescence quantum. In addition thereto, an efficient energy transfer between 
host material molecules and/or between host material molecule and guest material molecule is also an important factor. 
[0036] Further, the above-described luminescent deterioration in energized state may presumably relate to the lu- 
minescent center material per se or an environmental change thereof by its ambient molecular structure. 

50 [0037] For this reason, our research group has extensively investigated an effect of use of the metal coordination 
compound of fomnula (1) as the luminescent center material and as a result, has found that the metal coordination 
compound of fomiula (1) allows a high-efficiency luminescence (e.g., luminescence efficiency of at least 1 cd/W) with 
a high brightness (luminance) for a long period (e.g., a luminance half-life of at least 500 hours at an initial luminance 
of 100 cd/m^) (i.e., a decreased luminescent deterioration in energized state). 

55 [0038] The metal coordination compound represented by the above formula (1) according to the present invention 
causes phosphorescence (luminescence) and Is assumed to have a lowest excited state comprising a triplet excited 
state liable to cause metal-to-ligand charge transfer (MLCT* state). The phosphorescent emission of light (phospho- 
rescence) is produced during the transition from th&MLCT* state to the ground state. 
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[0039] The metal coordination compound of fonmula (1 ) according to the present invention has been found to provide 
a higher phosphorescence yield of 0.1 5 - 0.9 and a shorter phosphorescence life of 1 -30 ^sec. 
[0040] A phosphorescence yield (P(m)) Is obtained based on the following equation: 

[0041] P{m)/P(s) = (S(m)/S(s)) x (A(s)/A(m)), wherein P(m) represents a phosphorescence yield of an (unknown) 
5 objective luminescent material, P(s) represents a known (standard) phosphorescence yield of standard luminescent 
material (lr(ppy)3)» S(m) represents an Integrated intensity of (photo-)excited emission spectrum of the objective ma- 
terial, S(s) represents a known integrated Intensity of the standard material, A(m) represents an. absorption spectrum 
of an excited light wavelength of the objective material, and A(s) represents a known absorption spectrum of the stand- 
ard material. 

10 [0042] The shorter phosphorescence life is necessary to provide a resultant EL device with a higher luminescence 
efficiency. This is because the longer phosphorescence life Increases molecules placed in their triplet excited state 
whk:h is a waiting state for phosphorescence, thus lowering the resultant luminescence efficiency particularly at a 
higher current density. 

[0043] Accordingly, the metal coordination compound of formula (1 ) according to the present Invention is a suitable 

IS luminescent material for an EL device with a higher phosphorescence yield and a shorter phosphorescence life. 

[0044] Further, due to the shorter phosphorescence life, molecules of the metal coordination compound of formula 
(1) have a shorter time period wherein they stay In the triplet excited state, I.e. a higher energy state, thus providing 
the resultant EL device with improved durability and less deterioration In device characteristic. In this regard, the metal 
coordination compound according to the preserit invention has been substantiated to exhibit excellent stability of lu- 

20 minance as shown in Examples described hereinafter 

[0045] The metal coordination compound of fonnula (1 ) according to the present Invention has a molecular structure 
wherein two or more nitrogen atom(s) and/or sulfur atom(s) In total in two ring structures constituting CyN and CyC, 
so that It becomes possible to decrease an energy gap, thus allowing a long-(emisslon) wavelength luminescence. 
This may be attributable to the following mechanism. 

2S [0046] in the case where HOMO (highest occupied molecular oriDltal) and LUMO (lowest unoccupied molecular or- 
bital) of molecular orbital for the centennetal M (In the fomnula (1)) and those (HOMO and LUMO) of molecular orbital 
for the llgands (in the formula (1)) are separately considered for convenience, energies of HOMO and LUMO for the 
ligands are lowered by the presence of nitrogen atom(s) and/or sulfu atom(s) to decrease an energy gap between 
HOMO for the center metal M and LUMO for the llgands, thus allowing luminescence from the MLCT* state (the lowest 

30 excited state) at a longer (emission) wavelength. Accordingly, the metal coordination compound of fonnula (1 ) according 
to the present invention Is suitable luminescent material for luminescence at longer wavelength (orange to red). 
[0047] Further, when an appropriate substituent is introduced Into the llgand(s), an intenmolecular Interaction an 
occurrence of thernial quenching of excited molecules and improving device characteristics, such as film unifomnity, 
electrical properties and device stability. 

ss [0048] The luminescent material (metal coordination compound of fonnula (1 )) of the present Invention containing a 
plurality of nitrogen atom(s) and/or sulfur atom (s) In the ligands (ring structures), so that electron clouds may presumably 
considerably protruded from the ligands to promote interaction with other molecules via the nitrogen and/or sulfur 
atoms, thus Improving energy transfer efficiency. As a result, it becomes possible to realize a luminescent material for 
longer wavelength (orange to red) with high efficiency and stability. 

40 [0049] Further, the metal coordination compound of fonnula (1 ) according to the present invention has a molecular 
structure such that a plurality of identical ligands Is bonded to the center metal M. 

[0050] On the other hand, for example, yet-unreacted acetylacetonate ligand of iridium (III) acetylacetonate as used 
in Example 17 appearing hereinafter remains in the resultant metal coordination compound to provide a reaction product 
having a molecular structure wherein different ligands are bonded to a center metal in some cases. This metal coor- 
ds dination compound has a poor thermal stability and can cause thennal decomposition where an EL device is prepared 
through vacuum (vapor) deposition wherein the metal coordination compound is sublimated by resistance heating. 
Indeed the metal coordination compound containing acetylacetonate ligand has a lower initiation temperature for; ther- 
mal decomposition, in addition to the poor thennal stability. As a result, the life of the resultant luminescence device 
using such a compound becomes shorter. Further, different ligands are present In the molecular structure of the metal 
50 coordination compound used in the luminescence device, so that electron levels for the different ligands are different 
from each other, thus adversely affecting electron transport perfomnance. 

[0051] In the case of phosphorescent (luminescent) material, luminescent characteristics are largely affected by its 
molecular environment. On the other hand, principal characteristics of the fluorescent material are studied based on 
photoluminescence. 

55 [0052] Forthis reason, results of photoluminescence of the phosphorescent material do not reflect-luminescent char- 
acteristics of the resultant EL device in many cases since the luminescent characteristics In the case of the phospho- 
rescent material depend on a magnitude of polarity of ambient host material molecules, ambient ternperature, presence 
state of the material (e.g., solid state or liquid state), etc. Accordingly, different from the fluorescent material, It Is 
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generally difficult to expect the resultant EL characteristics for the phosphorescent material by simply removing a part 
^ of characteristics from photoluminescence results. . 
[0053] As a result of our investigation on various phosphorescence metal coordination compounds (including the 
metal coordination compound of fonnula (1)), we have found that a high -efficiency luminescence can be achieved in 
s the case where a metal coordination compound has a molecular causing intramolecular rotation and exhibits a peak 
emission wavelength of at least 550 nm. 

[0054] The intramolecular rotation is a phenomenon such that atomic groups disposed opposite to each other via a 
single bond (as a rotation axis) in molecule are rotated relative to each other, More specifically, in the molecular structure 
of the metal coordination compound of fonnula (1 ), the cyclic group CyN containing nitrogen atom and the cyclic group 

10 CyC containing carbon atom are bonded to each other via covalent bond, so that the covalent bond can function as 
an intramolecular rotation axis for the cyclic groups CyN and CyC. However, the intramolecular rotation between the 
cyclic groups CyN and CyC is suppressed by two connections between the nitrogen atom of CyN and the center metal 
l\4 and between the carbon atom of CyC and the center metal M. Accordingly, herein, the intramolecular rotation of 
ligand means a rotation on a single bond (as intramolecular rotation axis) between a ring structure of CyN and a 

15 substituent therefor or on a single bond between a ring structure of CyC and a substituent therefor. Accordingly, a high- 
efficiency luminescence may be attributable to suppression of intramolecular rotation of ligand leading to a decrease 
in quenching path within molecule caused by the intramolecular rotation at the time of luminescence of metal coordi- 
nation compound. 

[0055] Further, as a result of our investigation on ligands of various phosphorescence metal coordination compounds 
20 regarding a relationship between a luminescence efficiency and a dipole moment calculated based on a semi-empirical 
molecular orbital method (AM1), we have found that a high-efficiency luminescence is achieved in the case where a 
metal coordination compound contains a ligand having a dipole moment of at most 7 debye, preferably at most 4 debye, 
and exhibits a peal< emission wavelength of at least 550 nm. 

[0056] This may be attributable to suppression of localization of electric charges of ligands, thus suppressing inter- 
ns molecular interactions, e.g., between metal coordination compound molecules and between a guest material molecule 
(e.g., molecule of the metal coordination compound of fonnula (1)) and a host material molecule (e.g., molecule of 
CBP used in Examples described later) thereby to decrease the quenching path between their molecules to improve 
a luminescence efficiency. 

[0057] Further, the magnitude of dipole moment of ligand is a factor for determining a lowest excited state affecting 
30 a degree of luminescence efficiency. The lowest excited state Includes the above-mentioned MLCT* (metal-llgand 
charge transfer) state and mz* state. In many cases, the MLCT* state provides a relatively high phosphorescence 
efficiency luminescence efficiency). This may be attributable to such a phenomenon that the metal M as a heavy atom 
directly affects a resultant luminescence state, thus effectively causing spin-orbit interaction to increase a resultant 
phosphorescence efficiency. When a ligand has a larger dipole moment, an excitation from a site having a larger 
35 (electric) charge distribution within the ligand to a site having a smaller charge distribution becomes advantageous. In 
other word, the im* excited state is stabilized to be disadvantageous to improvement in phosphorescence efficiency 
as described above. 

[0058] The luminescence device (EL) device according to the present invention employs the above-mentioned metal 
coordination compound in an organic (compound) layer, particularly a luminescence layer. 
40 [0059] Specifically, the luminescence device may preferably include the organic layer comprising the metal coordi- 
nation compound between a pair of oppositely disposed electrodes comprising a transparent electrode (anode) and a 
metal electrode (cathode) which are supplied with a voltage to cause luminescence, thus constituting an electric-field 
luminescence device. 

[0060] The liquid crystal of the present invention has a layer structure shown in Figures 1A to 1C as specifically 
^ described above. 

[0061] By the use of the metal coordination compound of fonnuia (1 ) of the present Invention, the resultant lumines- 
cence device has a high luminescence efficiency as described above. 

[0062] The luminescence device according to the present invention may be applicable to devices required to allow 
energy saving and high luminance, such as those for display apparatus and illumination apparatus, a light source for 

50 printers, and backlight (unit) for a liquid crystal display apparatus. Specifically, in the case of using the luminescence 
device of the present invention in the display apparatus, it is possible to provide a flat panel display apparatus capable 
of exhibiting an excellent energy saving perfonnance, a high visibility and a good lightweight property. With respect to 
the light source, It becomes possible to replace a laser light source of laser beam printer currently used widely with 
the luminescence device according to the present invention. Further, when the luminescence device of the present 

55 invention is arranged in independently addressable arrays as an exposure means for effecting desired exposure of 
light to a photosensitive drum for fonning an Image, it becomes possible to considerably reducing the volume (size) of 
image fonning apparatus. With respect to the illumination apparatus and baclclight (unit), the resultant apparatus (unit) 
using the luminescence device of the present invention Is expected to have an energy saving effect. 
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[0063] Hereinbelow, the metal coordination conripound of formula (1 ) used in the luminescence device of the present 
invention will be described more specifically. 

[0064] Specific and non-exhaustive examples of the metal coordination compound of fomnula (1 ) may include those 
(Example Compound Nos. 1 - 205) shown In Tables 1-9. 

[0065] In Tables 1 • 9, abbreviations for respective cyclic groups (CyN and CyC) represent groups shown below. 




Ri 
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20 [0066] In the above structural formulas (Ph to Pz), an unconnected covalent (single) linkage extended in an upper- 
left direction or a lower-left direction is a linkage connected to the center metal M, and the other unconnected covalent 
linkage extended in an upper direction or a lower direction Is a linkage connected to an adjacent cyclic group. 

Table 1 
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19 




3 


Pd 


Qx 


H 


H 


H 


H 


20 




3 


Pd 


Qzl 




H 


H 


H 


21 




3 


Pd 


Qz2 


H 




H 


H 


22 




3 


Pd 


Cnl 




H 


H 


H 



9 
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Table 1 (continued) 



5 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


23 


Ir 


3 


Pd 


Cn2 


H 




H 


H 


24 


Ir 


3 


Pd 


Pz 






H 


H 


25 


Ir 


3 


Pyl 


Ph 


H 


H 


H 





'0 Table 2 



20 



30 



35 



40 



45 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


26 


Ir 


3 


Pyl 


Tn1 


H 


H 


H 




27 


Ir 


3 


Pyl 


Tn2 


H 


H 


H 


- 


28 


Ir 


3 


Pyl 


Tn3 


H 


H 


H 


- 


29 


Ir 


3 


Pyl 


Np 


H 


H 


H 




30 


Ir 


3 


Pyl 


Qn1 


H 


H 


H 


- 


31 


Ir 


3 


Pyl 


Qn2 


H 


H 


H 


- 


32 


Ir 


3 


Pa 


Ph 


H 


H 


- 


H 


33 


Ir 


3 


Pa 


Tn1 


H 


H 


• 


H 


34 


Ir 


3 


Pa 


Tn2 


H 


H 


- 


H 


35 


Ir 


3 


Pa 


Np 


H 


H 


• 


H 


36 


Ir 


3 


Pa 


Qn1 


H 


H 


- 


H 


37 


Ir 


3 


Pa 


Qn2 


H 


H 


- 


H 


38 


Ir 


3 


Py2 


Ph 


H 


H 


H 


H 


39 




3 


Py2 


Tn1 


H 


H 


H 


H 


40 




3 


Py2 


Tn2 


H 


H 


H 


H 


41 




3 


Py2 


Tn3 


H 


H 


H 


H 


42 




3 


Py2 


Np 


H 


H 


H 


H 


43 




3 


Py2 


Qn1 


H 


H 


H 


H 


44 




3 


Py2 


Qn2 


H 


H 


H 


H 


45 




3 


Pz 


Ph 


H 


H 


H 


H 


46 




3 


Pz 


Tn1 


H 


H 


H 


H 


47 




3 


Pz 


Tn2 


H 


H 


H 


H 


48 




3 


Pz. 


Np 


H 


H 


H 


H 


49 




3 


Pz 


Qnl 


H 


H 


H 


H 


50 




3 


Pz 


Qn2 


H 


H 


H 


H 



Table 3 



55 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


51 


Rh 


3 


Pr 


Tn1 


H 


H 


H 


H 


52 


Rh 


3 


Pr 


Tn2 


H 


H 


H 


H 


53 


Rh 


3 


Pr 


Tn3 


H 


H 


H 


H 


54 


Rh 


3 


Pr 


Qn1 


H 


H 


H 


H 



10 
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Tables (continued) 



10 



15 



20 



25 



30 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


55 


Rh 


3 


Pr 


Qn2 


H 


H 


H 


H 


56 


Rh 


3 


Pr 


Qx 


H 


H 


H 


H 


57 


Rh 


3 


Pr 


Qzl 


- 


H 


H 


H 


58 


Rh 


3 


Pr 


Qz2 


H 


- 


H 


H 


59 


Rh 


3 


Pr 


Cnl 


- 


H 


H 


H 


60 


Rh 


3 


Pr 


Cn2 


H 


- 


H 


H 


61 


Rh 


3 


Pr 


Pz 


- 


- 


H 


H 


62 


Rh 


3 


Pd 


Ph 


H 


H 


H 


H 


63 


Rh 


3 


Pd 


Tn1 


H 


H 


H 


H 


64 


Rh 


3 


Pd 


Tn2 


H 


H 


H 


H 


65 


Rh 


3 


Pd 


Tn3 


H 


H 


H 


H 


66 


Rh 


3 


Pd 


Np 


H 


H 


H 


H 


67 


Rh 


3 


Pd 


Qnl 


H 


H 


H 


H 


68 


Rh 


3 


Pd 


Qn2 


H 


H 


H 


H 


69 


Rh 


3 


Pd 


Qx 


H 


H 


H 


H 


70 


Rh 


3 


Pd 


Qzl 


H 


H 


H 


H 


71 


Rh 


3 


Pd 


Qz2 


H 


H 


H 


H. 


72 


Rh 


3 


Pd 


Cnl 


H 


H 


H 


H 


73 


Rh 


3 


Pd 


Cn2 


H 


H 


H 


H 


74 


Rh 


3 


Pd 


Pz 


H 


H 


H 


H 


75 


Rh 


3 


Pyl 


. Ph 


H 


H 


H 





$5 



40 



45 



50 



55 



Table 4 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


76 


Rh 


3 


Pyl 


Tnl 


H 


H 


H 




77 


Rh 


3 


Pyl 


Tn2 


H 


H 


H 




78 


Rh 


3 


Pyl 


Tn3 


H 


H 


H 




79 


Rh 


3 


Pyl 


Np 


H 


H 


H 




80 


Rh 


3 


Pyl 


Qn1 


H . 


H 


H 




81 


Rh 


3 


Pyl 


Qn2 


H 


. H 


H 




82 


Rh 


3 


Pa 


Ph 


H 


H 




H 


83 


Rh 


3 


Pa 


Tnl 


H 


H 




H 


84 


Rh 


3 


Pa 


Th2 


H 


H 




.H 


85 


Rh 


3 


Pa 


Np 


H 


H 




H 


86 


Rh 


3 


Pa 


Qnl 


H 


H 




H 


87 


Rh 


3 


Pa 


Qn2 


H 


H 


* 


H 


88 


Rh 


3 


Py2 


Ph 


H 


H 


H 


H 


89 


Rh 


3 


Py2 


Tnl 


H 


H 


H 


H 



11 
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Table 4 (continued) 



5 



10 



15 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


90 


Rh 


3 


Py2 


Tn2 


H 


H 


H 


H 


91 


Rh 


3 


Py2 


Tn3 


H 


H 


H 


H 


92 


Rh 


3 


Py2 


Np 


H 


H 


H 


H 


93 


Rh 


3 


Py2 


Qnl 


H 


H 


H 


H 


94 


Rh 


3 


Py2 


Qn2 


H 


H 


H 


H 


95 


Rh 


3 


Pz 


Ph 


H 


H 


H 


H 

» 


96 


Rh 


3 


Pz 


Tnl 


H 


H 


H 


H 


97 


Rh 


3 


Pz. 


Tn2 


H 


H 


H 


H 


98 


Rh 


3 


Pz 


Np 


H 


H 


H 


H 


99 


.Rh 


3 


Pz 


Qnl 


H 


H 


H 


H 


100 


Rh 


3 


Pz 


Qn2 


H 


H 


H 


H 



20 

Table 5 





No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


25 


101 


Pd 


2 


Pr 


Tnl 


H 


H 


H 


H 


102 


Pd 


2 


Pr 


Tn2 


H 


H 


H 


H 




103 


Pd 


2 


Pr 


Tn3 


H 


H 


H 


H 




104 


Pd 


2 


Pr 


Qnl 


H 


H 


H 


H 


30 


105 


Pd 


2 


Pr 


Qn2 


H 


H 


H 


H 




106 


Pd 


2 


Pr 


Ox 


H 


H 


H 


H 




107 


Pd 


2 


Pr 


Qzl 




H 


H 


H 


$5 


108 


Pd 


2 


Pr 


Qz2 


H 




H 


H 




109 


Pd 


2 


Pr 


Cnl 




H 


H 


H 




110 


Pd 


2 


Pr 


Cn2 


H 




H 


H 




111 


Pd 


2 


Pr 


Pz 


» 




H 


H 


40 


112 


Pd 


2 


Pd 


Ph 


H 


H 


. H 


H 


.; 


113 


Pd 


2 


Pd 


Tnl 


H 


H 


H 


H 




114 


Pd 


2 


Pd 


Tn2 


H 


H 


H 


H 


45 


115 


Pd 


2 


Pd 


Tn3 


H 


H 


H 


H 




116 


Pd 


2 


Pd 


Np 


H 


H 


H 


H 




117 


Pd 


2 


Pd 


Qnl 


H 


H 


H 


H 




118 


Pd 


2 


Pd 


Qn2. 


H 


H 


H 


H 


50 


119 


Pd 


2 


Pd 


Qx 


H 


H 


H 


H 




120 


Pd 


2 


Pd 


Qzl 




H 


H 


H 




121 


Pd 


2 


Pd 


Qz2 


H 




H 


H 


55 


122 


Pd 


2 


Pd 


Cnl 


* 


H 


H 


H 




123 


Pd 


2 


Pd 


Cn2 


H 




H 


H 




124 


Pd 


2 


Pd 


Pz 






H 


H 



I 



12 



EP1 191 612 A2 



Tables (continued) 



■ 


No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 




125 


Pd 


2 


Pyl 


Ph 


H 


H 


H 




5 








Table 6 












No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


10 


126 


Pd 


2 


Pyl 


Tnl 


H 


H 


H 






127 


Pd 


2 


Pyl 


Tn2 


H 


H 


H 






128 


Pd 


2 


Pyl 


Tn3 


H 


H 


H 




15 


129 


Pd 


2. 


Pyl 


Np 


H 


H 


H 




130 


Pd 


2 


Pyl 


Qn1 


H 


H 


H 






131 


Pd 


2 


Pyl 


Qn2 


H 


H 


H 






132 


Pd 


2 


Pa 


Ph 


H 


H 


- 


H 


20 


133 


Pd 


2 


Pa 


Tnl 


H 


H 


• 


H 




134 


Pd 


2 


Pa 


tn2 


H 


H 


- 


H 




135 


Pd 


2 


Pa 


Np 


H 


H 


- 


H 


25 


136 


Pd 


2 


Pa 


Qnl 


H 


H 


- 


H 




137 


Pd 


2 


Pa 


Qn2 


H 


H 




H 




138 


Pd 


2 


Py2 


Ph 


H 


H 


H 


H 




139 


Pd 


2 


Py2 


Tnl 


H 


H 


H 


H 


30 


140 


Pd 


2 


Py2 


Tn2 


H 


H 


H 


H 




141 


Pd 


2 


Py2 


Tn3 


H 


H 


H 


H 




142 


Pd 


2 


Py2 


Np 


H 


H 


H 


H 


35 


143 


Pd 


2 


Py2 


Qnl 


H 


H 


H 


H 




144 


Pd 


2 


Py2 


Qn2 


H 


H 


H 


H 




145 


Pd 


2 


Pz 


Ph 


H 


H 


H 


H 




146 


Pd . 


2 


Pz 


Tnl 


H 


H 


H 


H 


40 


147 


Pd 


2 


Pz 


Tn2 


H 


H 


H 


H 




148 


Pd 


2 


Pz 


Np 


H 


H 


H 


H 




149 


Pd 


2 


Pz 


Qnl 


H 


H 


H 


H 


45 


150 

• 


Pd 


2 


Pz 


Qn2 


H 


H 


H 


H 



Table 7 



50 



55 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


151 




3 


Pr 


Tn1 


H 


SI(CH3)3 


H 


H 


152 




3 


Pr 


Tnl 


H 


SC2H5 


H 


H 


153 




3 


Pr 


Tnl 


H 


OCH3 


H 


H 


154 




3 


Pr 


Tn1 


H 


H 


H 


F 


155 




3 


Pr 


Tnl 


H 


H 


F 


F 


156 




3 


Pr 


Tn1 


H 


H 


H 
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Table? (continued) 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


157 


'r 


3 


Pr 


Tnl 


H 


H 


H 


OCH3 


158 




3 


Pr 


Tnl 


H 


H 


OC4H9 


H 


159 




3 


Pr 


Tnl 


H 


H 


H 


OCF3 


160 




3 


Pr 


Tnl 


H 


H 


H 


SC2Hg 


161 




3 


Pr 


Tnl 


H 


H 


H 


COC2H5 


162 




3 


Pr 


Tnl 


H 


H 


H 


COOC2H5 


163 




3 


Pr 


Tn1 


H 


H 


H 


OCOC2H5 


164 




3 


Pyl 


Np 


H 


F 


H 


- 


165 




3 


Pa 


Np 


H 


OCH3 


- 


H 


166 




3 


Pz 


Ph 


H 


H • 


H 


CH2 


167 




3 


Pd 


Ph 


H 


NO2 


H 


H 


168 




3 


Pyl 


Ph 


H 


NO2 


H 


- 


169 




3 


Pa 


Ph 


H 


NO2 


- 


H 


170 




3 


Py2 


Ph 


H 


F 


H 


H 


171 




3 


Pz 


Ph 


H 


F 


H 


H 


172 




3 


Pz 


Ph 


H 


CH2CH=CH CH2CH3 


H 


H 


173 




3 


Pz 


Ph 


H 


CH2C^CCH2CH3 


H 


H 


174 


Rh 


3 


Pr 


Tnl 


H 


Si(CH3)3 


H 


H 


175 


Rh 


3 


Pr 


Tnl 


H 


OCH3 


H 


H 



Table 8 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


176 


Rh 


3 


Pr 


Tnl 


H 


H 


H 


F 


177 


Rh 


3 


Pr 


Tnl 


H 


H 


F 


F 


178 


Rh 


3 


Pr 


Tnl 


H 


H 


H 


C5H11 


179 


Rh 


3 


Pr 


Tn1 


H 


H 


H 


OCH3 


180 


Rh 


3 


Pr 


Tnl 


H 


H 


OC4H9 


H 


181 


Rh 


3 


Pr 


Tnl 


H 


H 


H 


OCF3 


182 


Rh 


3 


Pr 


Tn1 


H 


H 


H 


SC2H5 


183 


Rh 


3 


Pr 


Tnl 


H 


H 


H 


COC2H5 


184 


Rh 


3 


Pyl 


Np 


H 


F 


H 


m 


185 


Rh 


3 


Pa 


Np 


H 


OCHg 




H 


186 


Rh 


3 


Pz 


Ph 


H 


H 


H 


CH3 


187 


Rh 


3 


Pz 


Tnl 


H 


F 


H 


H 


188 


Pd 


2 


Pr 


Tnl 


H 


SI(CH3)3 


H 


H 


189 


Pd 


2 


Pr 


Tnl 


H 


OCH3 


H 


H 


190 


Pd 


2 


Pr 


Tnl 


H 


H 


H 


F 


191 


Pd 


2 


Pr 


Tnl 


H 


H 


F 


F 



14 
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Table 8 (continued) 



5 



10 



15 



No 


M 


n 


CyN 


CyC 


R1 


R2 


R3 


R4 


192 


Pd 


2 


Pr 


Tnl 


H 


H 


H 




193 


Pd 


2 


Pr 


Tnl 


H 


H 


H 


OCH3 


194 


Pd 


2 


Pr 


'Tn1 


H 


H 


OC4H9 


H 


195 


Pd 


2 


Pr 


Tn1 


H 


H 


H 


OCF3 


196 


Pd 


2 


Pr 


Tnl 


H 


H 


H 


SC2H5 


197 


Pd 


2 


Pr 


Tnl 


H 


H 


H 


COC2H5 


198 


Pd 


2 


Pyl 


Np 


H 


F 


H 




199 


Pd 


2 


Pa 


Np 


H 


OCH3 




H 


200 


Pd 


2 


Pz 


Ph 


H 


H 


H 


CH3 


201 


Pd 


2 


Pz 


Tnl 


H 


F 


H 


H 



Table 9 



25 



No 


M' 


n 


CyN 


CyC 


R1 


R2 


R3 


R1 


202 


Ir 


3 


Pr 


Tn1 


H 


H 


H 


CF3 


203 


Ir 


3 


Pr 


Tn1 


H 


CH3 


H 


H 


204 


Ir 


3 


Pr 


Tnl 


H 


H 


CF3 


H 


205 


Ir 


3 


Pr 


Tn3 


H 


H 


H 


CF3 



[0067] Hereinbelow, the present invention will be described more specifically based on Examples with reference to 
the drawing. 

Examples 1-10 

[0068] In these examples, the following metal coordination compounds 1-10 were used in respective luminescence 
layers for Examples 1 - 10, respectively. 

Compound 1 



40 



45 




30 



35 



SO 
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Compound 2 




Compound 3 




Compound 4 




Compound 5 
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Compound 6 




Compound 7 




Compound 8 



Ir 




Compound 9 



Ir 
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Compound 10 



5 



10 




[0069] Each of luminescence.devices having a structure shown in Figure 1 B were prepared in the foliowing manner 
[0070] On a glass substrate (transparent substrate 1 5), a 1 00 nm-thicic film (transparent electrode 1 4) of iTO (indium 
15 tin oxide) was fomied by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm?. 

[0071 } On the ITO-fonned substrate, three organic layers and two metai electrode layers shown below were succes- 
sively fomied by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10*^ Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 
20 Organic layer 2 (luminescence layer 12) (20 nm): mixture of CBP:metai complex (metal coordination compound) 
(95:5 by weight) 

Organic layer 3 (electron transport layer 1 6) (30 nm): Alq3 

Metal electrode layer 1 (metat electrode 11) (15 nm): Al-Li alloy (Li 1 .6 wt. %) 

Metal electrode layer 2 (metal electrode 11) (100 nm): Al 

2s . 

[0072] Each of the thus-prepared luminescence devices was taken out of the vacuum chamber and was subjected 
to a continuous energization test in an atmosphere of dry nitrogen gas stream so as to remove device deterioration 
factors, such as oxygen and moisture (water content). 

[0073] The continuous energization test was perfomned by continuousty applying a voltage at a constant current 
30 density of 70 mA/cm^ to the luminescence device having the ITO (transparent) electrode (as an anode) and the Al 
(metai) electrode (as a cathode), followed by measurement of luminance (brightness) with time so as to determine a 
time (luminance half-life) required for decreasing an initial luminance (80 • 240 cd/m^) to 1/2 thereof. 
[0074] The results are shown In Table 10 appearing hereinafter. 

35 Comparative Example 1 

[0075] A comparative luminescence device was prepared and evaluated In the same manner as in Example 1-10 
except that the Pt complex (metai coordination compounds 1-10) was changed to Ir-phenylpyrimidine complex (Ir 
(ppy)3) shown below. 

40 



45 



50 




[0076] The results are shown in Table 1 0 below. 

55 Table 10 



Ex. No. 


Compound No. 


Luminance half-life (Hr) 


Ex.1 


1 


550 
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Table 10 (continued) 



10 



Ex. No. 


Compound No. 


Luminance half-life (Hr) 


Ex.2 


2 


900 


Ex, 3 


3 


600 


Ex. 4 


4 


650 


Ex.5 


5 


950 


Ex, 6 


6 


800 


Ex.7 


7 


850 


Ex.8 


8 


600 


Ex. 9 


9 


750 


Ex. 10 


10 


900 


Comp.Ex. 1 


lr(ppy)3 


350 



15 



20 



[0077] As is apparent from Table 1 0, compared with the conventional luminescence device using lr(ppy)3, the lumi- 
nescence devices using the metal coordination compounds of formula (1 ) according to the present invention provide 
longer luminance half-llfes, thus resulting in an EL device having a high durability (luminance stability) based on a good 
stability of the metal coordinatlon compound of fomnuia (1) of the present Invention. 

Examples 11-16 

[0078] In these examples, metal coordination compounds of formula (1 ) (Compounds 11-16) were used In respective 
luminescence layers for Exanriples 11-16, respectively. 



25 



Compound 11 



30 



35 




40 



Compound 12 
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50 
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Compound 13 



10 




20 



Compound 14 
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30 




35 



40 



Compound 15 
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Compound 16 




[0079] Each of luminescence devices having a structure shown In Figure 1 C were prepared in the following manner 
[0080] On a glass substrate (transparent substrate 1 5), a 1 00 nm-thicic film (transparent electrode 1 4) of ITO (indium 
tin oxide) was fomried by sputtering, followed by patterning to have an (opposing) electrode area of 3 mnn2. 
[0081] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
sively fomried by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10*^ Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of CBP: metal coordination compound of formula (1) 
(93:7 by weight) 

Organic layer 3 (exciton diffusion prevention layer 1 7) (1 0 nm): BCP 
Organic layer 4 (electron transport layer 16) (30 nm): Alq3 
Metal electrode layer 1 (metal electrode 11) (15 nm): AI-LI alloy (Li - 1 .8 wt. %) 
l^^etat electrode layer 2 (metal electrode 11) (100 nm): Al 

EL characteristics of the luminescence devices using the metal coordination compounds of formula (1) (Com- 
pounds 11 - 16) were measured by using a microammeter ("Model 4140B", mfd. by Hewlett-Packard Co.) for a 
current density under application of a voltage of 12 volts (current-voltage characteristic), using a spectropho- 
tofluoro-meter ("Model SRI mfd. by Topcon K.K.) for a peak emission wavelength PE (luminescence spectrum), 
and using a luminance meter C'Modei BM7", mfd. by Topcon K.K.) for a luminescence efficiency (luminescence 
luminance). Further, an energy conversion efficiency was obtained according to the following equation: 

Energy conversion efficiency (Im/W) 
= (n X luminescence efficiency 
(cd/A))/applied voltage (V). 

[0082] All the above-prepared luminescence devices showed a good rectification characteristic. 
[0083] The results are shown in Table 11. 

Comparative Example 2 

[0084] A comparative luminescence device was prepared and evaluated In the same manner as in Example 11-16 
except that the metal coordination compound of fonnula (-1 ) was changed to Ir-phenylpyrimidine complex (lr(ppy)3) 
shown below. 
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[0085] The results are shown in Table 11 below. 
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[0086] As shown In Table 1 1 , compared with the luminescence device using lr(ppy)3 (Comparative Example 2) show- 
ing Xpg = 510 nm, the luminescence devices using the metal coordination compound of formula (1) according to the 
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present invention showed longer peak emission wavelengths (Xp^ = 552 - 620 nm) by ca. 40 - 110 nm. 
[0087] When the peak emission wavelength was shifted to the longer wavelength side, a probability of thenmal 
quenching of energy Is generally Increased to lower a resultant luminescence efficiency based on the energy gap low. 
The lower luminescence efficiencies (0.6 - 6.3 cd/A) of the luminescence devices of the present invention compared 

5 with that (1 9.0 cd/A) of the luminescence device using lr(ppy)3 may be attributable to the above phenomenon. 

[0088] According to the energy gap law, it is said that it is generally difficult to increase energy conversion efficiencies 
of luminescence devices using luminescent materials for longer wavelength-light (yellowish green to red). However, 
the luminescence devices using the metal coordination compounds of the present invention exhibits practically sufficient 
energy conversion efficiencies of at least 0.5 im/W. 

10 [0089] As apparent from the results of the luminance haif-llfes of the luminescence devices in Table 11 , compared 
with the luminescence device using lr(ppy)3 showing the luminance half-life of 150 hours, the luminescence devices 
using the metal coordination compounds of formula (1 ) according to the present invention showed considerably longer 
luminance half-lifes of 250 - 350 hours. 

[0090] Based on the results shown In Table 11 , luminescence efficiencies of the luminescence devices using Com- 
^5 pounds 11-16 according to the present invention were compared in order to evaluate the effect of presence of a portion 
causing intramolecular rotation by classifying Compounds 11 - 16 Into two groups having closer structures and peak 
emission wavelengths (Compounds 11 , 12, 14 and 15 having peak emission wavelengths of 552 - 575 nm and Com- 
pounds 13 and 16 having peak emission wavelengths of 600 • 620 nm). 

[0091 ] The luminescence device using Compound 1 1 exhibited a luminescence efficiency (6.3 cd/A) relatively larger 
20 than those (4.0 - 5.7 cd/A) of the luminescence devices using Compounds 12, 14 and 15 having the same molecular 
skeleton as Compound 11 . This may be attributable to a difference In ligand structure. Specifically, the ligand of Com- 
pound 11 is free from a portion causing intramolecular rotation but those of Compounds 12, 14 and 15 have a portion 
(substituent) causing Intramolecular rotation via a single bond. 

[0092] Similarly, the luminescence device using Compound 13 (free from a portion causing Intramolecular rotation) 
25 exhibited a luminescence efficiency (3.1 cd/A) relatively larger than that (0.6 cd/A) of the luminescence device using 
Compound 16 (having a portion causing intramolecular rotation). 

[0093] Further, the luminescence devices using Compounds 11-16 exhibited the peak emission wavelengths of at 
least 550 nm. 

[0094] Accordingly, it was substantiated that the metal coordination compound of fomiula (1) provided better lumi- 
30 nescence efficiencies when it had a molecular structure free from a portion causing intramolecular rotation and exhibited 
a peak emission wavelength of at least 550 nm. 

Example 1 7 (Synthesis of Compound 11) 

35 [0095] 



40 

lr(CH3COCHCOCH3)3 

45 




[0096] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 *C while 
50 supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 1.94 g 
(12.00 mM) of 2-(2-thlenyi)pyrldine and 1 .00 g (2.0 mM) of Iridium (III) acetylacetonate were added, followed by heat- 
refluxing for 8 hours under stirring In nitrogen gas stream. 

[0097] After the reaction, the reaction mixture was cooled to room temperature and poured Into 600 ml of 1 N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 4 hours at 100 "C 

55 under reduced pressure and purification by silica gel column chromatography (eluent: chlorofonn) to obtain 0.38 g of 
Iridium (III) tris[2-(2-thienylphenyl)pyridine] (red powder) (Yield: 28.2 %}. 
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Example 18 (Synthesis of Compound 12) 
[0098] 



10 




[0099] In a 1 liter-three necked flask, 33.70 g (1 85.8 mM) of 2-chloro-5-trlfluoromethylpyridlne, 23.77 g (1 85.8 mM) 
IS of thiophene-2-bronic acid, 200 ml of toluene, 1 00 ml of ethanol and 200 ml of 2M'Sodlum carbonate aqueous solution 
were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.66 g (5.76 mlVI) 
of tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 5 hours under stimng in nitrogen 
gas stream. 

[0100] After the reaction, the reaction mixture was cooled, followed by extraction with cooi water and toluene. The 
20 organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/hexane = 2/1 ) and recrystailized from ethanol to obtain a pale yellow crystal. The crystal was purified by alumina 
column chromatography (eluent: toluene) and recrystailized from ethanol to obtain 20.3 g of 2-(5-trifluoromethylpyrid- 
ine-2-yl)thiophene (Yield: 47.6 %). 

25 



30 

lr(CH3COCHCOCH3)3 



35 




F3C 



40 [0101] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 130 • 1 40 °C while 
supplying nitrogen gas therein In the fomn of bubbles, followed by cooing to 100 ""C by standing. To glycerol, 2.74 g 
(12.0 mM) of 2-(5-trifluoromethylpyridine-2-yl)thlophene and 1 .00 g (2.0 mM) of Iridium (III) acetylacetonate were add- 
ed, followed by heat-refluxing for 8 hours under stimng In nitrogen gas stream. 

[0102] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 mi of 1 N-HCI, 
45 The resultant precipitate was recovered by filtration and washed with water, followed by drying for 4 hours at 1 00 °C 
under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) to obtain 0.35 g of 
Iridium (III) tris[2-(5-trlfluoromethylpyridine-2-yl)thiophene] (red powder) (Yield: 20.0 %). 
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Example 19 (Synthesis Compound 13) 
[0103] 



10 




[0104] In a 1 liter-three necked flask, 26.6 g (168.5 mM) of 2-bromopyridine, 30.0 g (16B.5 mM) of benzo[b]thlbphene- 
15 2-bronic acid, 1 70 ml of toluene, 85 ml of ethanol and 1 70 ml of 2M-sodium carbonate aqueous solution were placed 
and stln-ed in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.18 g (5.35 mM) of tetrakis 
(triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 5 hours under stirring In nitrogen gas 
stream. 

[0105] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
20 organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toiuene/hexane = 5/1 ) to obtain a coloriess crystal. The crystal was purified by alumina column chromatography (eluent: 
toluene) and recrystalllzed from ethanol to obtain 12.6 g of 2-(pyridine-2-yl)benzo[b]thlophene (Yield: 35.4 %). 



25 




40 [01 06] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 °C while 
supplying nitrogen gas therein in the fonn of bubbles, followed by cooing to 100 by standing. To glycerol, 2.52 g 
(12.0mM) of 2-(pyridyl-2-yl)benzo[b]thiophene and 1 .00 g (2.0 mM) of iridium (III) acetylacetonate were added, followed 
by heat-refluxing for 8 hours under stinging in nitrogen gas stream. 

[0107] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N-HCI. 
45 The resultant precipitate was recovered by filtration, washed with water, and dissolved in acetone followed by removal 
of the insoluble matter by filtration and distil ling-off of acetone under reduced pressure to obtain a residue. The residue 
was purified by silica gel column chromatography (eluent: chlorofonn) to obtain 0.38 g of Iridium (III) tris[2-(pyridlne- 
2-yl)benzo[b]thiophene] (red powder) (Yield: 23.1 %). 
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Example 20 (Synthesis Compound 14) 
[0108] 

5 



10 




15 [01 09] In a 1 liter-three necked flask, 27.0 g (1 71 .2 mM) of 2-bromopyridine, 24.3 g (1 71 .2 mM) of 5-methylthlophene- 
2-bronic acid, 180 ml of toluene, 90 ml of ethanol and 180 ml of 2M-sodium carbonate aqueous solution were placed 
and stin'ed In a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.42 g (5.55 mM) of tetrakis 
(triphenylphosphine) palladium (0) was added, followed by heat-refluxlng for 9 hours under stirring In nitrogen gas 
stream. 

20 [0110] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/hexane = 5/1) to obtain a pale yellow crystal. The crystal was purified by alumina column chromatography 
(eluent: toluene) and successively recrystallized from ethanol and hexane to obtain 12.4 g of 2'(pyridine-2-yl)-5-meth- 

25 yithiophene (colorless crystal) (Yield: 41 .3 %). 



30 

lr(CH3COCHCOCH3)3 

35 




H3C 

40 

[01 1 1 ] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 ''C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 by standing. To glycerol, 2.10 g 
(12.0 mM) of 2-(pyridyl-2-yl)-5-methylthjophene and 1.00 g (2.0 mM) of Iridium (III) acetylacetonate were added, fol- 
lowed by heat-refluxlng for 8 hours under stirring in nitrogen gas stream. 
45 [01 12] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N-HCI. 
The resultant precipitate was recovered by filtration, washed with water, and dissolved in acetone followed by removal 
of the insoluble matter by filtration and distilllng-off of acetone under reduced pressure to obtain a residue. The residue 
was purified by silica gel column chromatography (eluent: chlorofonn) to obtain 0.31 g of Iridium (III) tris[2-(pyrldine- 
2-yl)-5-methylthiophenel (red powder) (Yield: 21 .7 %). 

50 
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Example 21 (Synthesis Compound 15) 
[0113] 
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(OH); 




15 



20 



[0114] In a 100 ml-three necked flask, 1,73 g (0.95 mM) of 2-chloro-4-trifluoromethylpyridlne, 1.23 g (0.96 mM) of 
thiophene-2-bronlc acid, 15 ml of toluene, 7.5 ml of ethanol and 15 ml of 2M-sodium carbonate aqueous solution were 
placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 0,34 g (0,30 mM) of 
tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 4 hours and 10 minutes under 
stinging in nitrogen gas stream. 

[01 1 5] After the reaction , the reaction mixture was cooled, followed by extraction with cool water and toluene, followed 
by distilling off of the solvent under reduced pressure to obtain a residue. The residue was purified by silica gel column 
chromatography (eluent: chloroform) to obtain a pale yellow crystal. The crystal was purified by alumina column chro- 
matography (eluent: toluene) and recrystallized from methanol to obtain 1 .98 g of 2-(trlfluoromethylpyridine-2'yl)thi- 
ophene (Yield: 91.2%). 
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[0116] In a 100 ml-four necked flask, 50 ml of glycerol was placed and heat-stinted for 2 hours at 130 - 140 "C while 
supplying nitrogen gas therein In the form of bubbles, followed by cooing to 100 ''C by standing. To glycerol, 1.20 g 
(5.2 mM) of 2-(4-trifiuoromethylpyridine-2-yl)thiophene and 0.50 g (1 ,0 mM) of Iridium (III) acetylacetonate were added, 
followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 

[0117] After the reaction, the reaction mixture was cooled to room temperature and poured into 300 ml of 1 N-HCI. 
The resultant precipitate was recovered by filtration and washed with water, followed by drying for 4 hours at 100 °C 
under reduced pressure and purificatipn by silica gei column chromatography (eluent: chlorofomn) to obtain 0.15 g of 
Iridium (ill) tris[2-(4-trifluoromethylpyricline-2-yi)thlophene] (red powder) (Yield: 17.1 %). 
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Example 22 (Synthesis Compound 16) 
[0118] 




I li >-e(0H)2 



fs| V 




IS [0119] In a 200 ml-four necked flask, 5.16 g (28.4 mM) of 2-chloro-5-trlfluoromethylpyridjne, 5.06 g (28.4 mM) of 
benzo[b]thiophene-2-bronic acid, 25 ml of toluene, 12.5 ml of ethanoi and 25 ml of 2M-sodium carbonate aqueous 
solution were placed and stin'ed In a nitrogen gas stream at room temperature. Under stirring, to the mixture, 1.02 g 
(0.88 mM) of tetrakis (triphenytphosphine) palladium (0) was added, followed by heat-refluxing for 7.5 hours under 
stirring In nitrogen gas stream. 

20 [0120] After the reaction, the reaction mixture was cooled on an ice bath to precipitate a crystal. The crystal was 
recovered by filtration, followed by washing with water and further washing with methanol. The crystal was purified by 
alumina column chromatography (eluent: chlorofomi) and recrystallized from chloroform to obtain 2.90 g of 2-(5-trif- 
luoromethylpyridine-2-yl)benzo[b]thiophene (Yield: 36.5 %). 

* 

25 
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40 [0121] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 ""C while 
supplying nitrogen gas therein in the fomn of bubbles, followed by cooing to 100 by standing. To glycerol, 2.82 g 
(10.1 mM) of 2-(5'trifluoromethylpyridine-2-yi)benzo[bIthiophene and 1.00 g (2.0 mM) of iridium (III) acetylacetonate 
were added, followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 

[0122] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N-HCI. 
45 The resultant precipitate was recovered by filtration, washed with water, and dissolved in acetone followed by removal 
of the insoluble matter by filtration and distilling-off of acetone under reduced pressure to obtain a residue. The residue 
was purified by silica gel column chromatography (eluent: chlorofomi) to obtain 0.24 g of Iridium (III) tris[2'(5-trifluor- 
omethylpyridine-2-yl)ben20[b]thiophene] (red powder) (Yield: 11 .4 %). 

50 Example 23 

[0123] With respect to ligands of the metal coordination compounds (Compounds 11 , 12, 13 and 16) prepared in 
Examples 17, 18, 19 and 22, respectively, dipole moments were calculated based on the semi-empirical molecular 
orbital method (AMI) as to the case where a conformation of respective ligands was such that respective two ring 
55 structures connected via a covalent bond were present in an identical plane. 

[0124] The results are shown in Table 12 together with the corresponding EL device characteristics (peak emission 
wavelength and luminescence efficiency) shown In Table 11. 
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Table 12 



Compound No. 


Dipole-moment (debye) 


(nm) 


Luminescence efficiency (cd/A) 


11 


1.8 


552 


6.3 


12 


3.7 


565 


4.0 


13 


1.3 


600 


3.1. 


16 


8.6 


620 


0.6 



10 



15 



20 



[0125] As Shown in Table 1 2, it has been found that a high-efficiency luminescence was realized In the case where 
the dipole moment was at most 7 debye, preferably at most 4 debye, and the peak emission wavelength was at least 
550 nm. 

[0126] The described hereinabove according to the present invention, the metal coordination compound of the for- 
mula (1) according to the present invention has a higher phosphorescence luminescence efficiency and a shorter 
phosphorescence life, thus being suitable as a luminescence material for an EL device causing longer-waveform lu- 
minescence (orange to red). 

[01 27] The luminescence device (EL device) using the metal coordination compound of formula (1 ) according to the 
present invention allows a high-efficiency luminescence at a high luminescence for a long period of time while mini- 
mizing luminescence deterioration in energized state. 

[0128] A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The layer contains a metal coordination compound represented by the following formula (1): 



25 



M 



CyN 
I 

CCyC 



(1), 



n 



30 



S5 



wherein IVI denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC denotes 
a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of containing a 
nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a trialkylsllyl 
group containing three linear or branched alkyi groups each Independently having 1 - 8 carbon atoms; and a linear or 
branched alkyI group having 1 - 20 carbon atoms capable of Including one or at least two non -neighboring methylene 
groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -C=C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 
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1 . A luminescence device, comprising: an organic compound layer comprising a metal coordination compound rep- 
resented by the following formula (1): 



50 



M 



CyN 
I 

CyC 



(1). 



n 



55 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC 
denotes a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of 
containing a nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, 
and each of substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; 
a trialkylsllyl group containing three linear or branched alkyI groups each independently having 1 • 8 carbon atoms; 
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and a linear or branched alkyi group having 1 - 20 carbon atoms capable of Including one or at least two non- 
neighboring methylene groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -CbC- 
and capable of Including a hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum 
of nitrogen atom and sulfur atom present In ring structures of CyN and CyC is at least 2. 

2. A device according to Claim 1 , wherein the metal coordination compound of formula (1 ) has a molecular structure . 
free from a portion substantially causing Intramolecular rotation and exhibits a peak emission wavelength of at 
least 550 nm. 



3. A device according to Claim 1 or 2, wherein the metal coordination compound of fonnula (1) contains a liquid 
having a dipole moment of at most 7 debye and exhibits a peak emission wavelength of at least 550 nm. 

4. A device according to Claim 3, wherein the ligand has a dipole moment of at most 4 debye. 

5. A luminescence device, comprising an organic compound layer comprising a metal coordination compound, where- 
in the metal coordination compound has a molecular structure free from a portion substantially causing intramo- 
lecular rotation and exhibits a peak emission wavelength of at least 550 nm. 



6. A luminescence device, comprising an organiccompound layer comprising a metal coordination compound, where- 
in the metal coordination compound contains a liquid having a dipole moment of at most 7 debye and exhibits a 
peak emission wavelength of at least 550 nm. 



7. A device according to Claim 6. wherein the ligand has a dipole moment of at most 4 debye. 



8. A device according to any one of Claims 1 -7, further comprising a pair of electrodes oppositely disposed to sandwich 
the organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 

9. A display apparatus, comprising: a luminescence device according to any one of Clainns 1-8 and drive means for 
driving the luminescence device. 

10. A metal coordination compound, adapted for use in a luminescence device, represented by the following formula 
(1): 



M 



CyN 
I 

CyC ) 



(1). 



n 



wherein l\^ denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstltuted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC 
denotes a substituted or unsubstltuted cyclic group containing a carbon atom connected to M and capable of 
containing a nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, 
and each of substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; 
atrialkylsilyl group containing three linear or branched alkyl groups each independently having 1 - 8 cari;)on atoms; 
and a linear or branched alkyl group having 1 - 20 carbon atoms capable of including one or at least two non- 
neighboring methylene groups which can be replaced with -0-, -S-, -CO-, -C0-0-, -0-C0-, -CH=CH- or -CsC- 
and capable of Including a hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum 
of nitrogen atom and suifur atom present In ring structures of CyN and CyC is at least 2. 

11. A compound according to Claim 10, which has a molecular structuris free from a portion substantially causing 
intramolecular rotation and exhibits a peak emission wavelength of at least 550 nm. 

12. A compound according to Claim 10 or 11 , whteh contains a liquid having a dipole moment of at most 7 debye and 

exhibits a peak emission wavelength of at least 550 nm. 

13. A compound according to Claim 12, wherein the ligand has a dipole moment of at most 4 debye. 



14. A metal coordination compound adapted for use In a luminescence device, having a molecular structure free from 
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a portion substantially causing intramolecular rotation and exhibiting a peak emission wavelength of at least 550 
nm. 

15. A metal coordination compound adapted for use In a luminescence device, containing a ilgand having a dipole 
5 moment of at most 7 debye and exhibiting a peak emission wavelength of at least 550 nm. 

16. A compound according to Claim 15, wherein the ilgand has a dipole moment of at most 4 debye. 
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FIG. lA 




FIG. IB 




FIG. IC 
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